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Dietary zinc supplementation has been shown to improve piglets’ health. We examined, if the
gut epithelial ZIP4 transporter is affected by the zinc concentration in the diet through
epigenetic modiﬁcations of the ZIP4 gene. In an experiment with 30 piglets that were fed diets
with 57 (LZn ), 164 (NZn) or 2425 (HZn) mg zinc/kg feed over until four weeks, we found a
reduced expression of the gene in the gut epithelium with higher zinc concentration in the feed
(P ≤ 0.008). The methylation status of two CpGs in exon 2 and intron 2 were decreased in the
LZn compared to the NZn group (P ≤ 0.01). The increase of the methylation at another CpG in
exon 2 led to a decrease of the ZIP4 mRNA amount (Po 0.05). The fact, that only one CpG had
a signiﬁcant effect on ZIP4 expression, led us to the assumption that methylation changes play a
minor role for the transcriptional regulation of ZIP4.
& 2014 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Zinc is an essential trace element involved in various functions
in the body including epigenetic programming (Sharma et al.,
2013). In mammals, it is estimated that about 3000 proteins.11.011
er GmbH. This is an open access
/by-nc-nd/3.0/).
issue entitled “Tracing the
ortance of trace elements”.
rar.hu-berlin.decontain zinc as prosthetic group (Sharma et al., 2013). There-
fore, an adequate supply of zinc is important for all bodily
functions. The transport of zinc ions through biological mem-
branes is mainly an active process (Suttle, 2010). The zinc
transporter ZIP4 is responsible for the zinc uptake from the
intestinal lumen of the small intestine into epithelial cells.
Recently, it has been shown in the pig, that high pharmacolo-
gical dietary zinc concentrations cause downregulation of the
ZIP4 gene in the intestinal tissue (Martin et al., 2013). This led
to the assumption that long-term feeding of high zinc dosages
could modify the epigenetic status of the ZIP4 gene affecting itsarticle under the CC BY-NC-ND license
Table 1 Inﬂuence of the zinc feeding group on expression of the ZIP4 gene and methylation of CpGs Amp2_61Exon2 and
Amp2_358Intron2 in the intestinal epithelial tissue. LZn=57 mg zinc/kg feed, NZn=164 mg zinc/kg feed, HZn=2425 mg zinc/
kg feed.
Zinc feeding group ANOVA
P-valuesLZn NZn HZn
1Expression 1.4971.04a 1.0070.81a 0.1170.07b 0.008
2Amp2_61Exon2 0.7570.03
a 0.8770.03b 0.7970.03a,b 0.010
2Amp2_358Intron2 0.3270.02
a 0.4170.02b 0.3870.02a,b 0.006
a,bLabelled means in a row without a common letter differ, (Pr0.008).
1Relative expression (relative to the balanced zinc group NZn) (means7SEs).
2Methylation percentage (LSMeans7SEs). The position of the CpG is given as amplicon number, base pair position and location in an
exon or intron, n=10/zinc feeding group.
Figure 1 Methylation status of CpGs in ZIP4 amplicon 1 (50-Reg) and amplicon 2 (exon 2 and intron 2) after feeding different zinc
concentrations. (A) Structure of the ZIP4 gene, distribution of CpGs and location of amplicons. (B) Colour coded matrices: columns=CpGs,
rows=animals of different zinc feeding groups. : CpG signiﬁcantly anticorrelated between methylation percentage and ZIP4
expression (Po0.05). (C) Zinc group differences visualised by Fisher criterion (discriminant function; the brighter the shade of green the
better the discriminatory potential between the groups) combined with ANOVA testing ( : Po0.01).
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Figure 2 Correlation between the methylation at CpG
117Exon2 and the relative ZIP4 expression. Shown is Pearson's
correlation. The higher the methylation at CpG Amp2_117Exon2
the lower is the expression of ZIP4 after feeding different zinc
concentrations for four weeks.
D. Karweina et al.20transcription. In this study, we tested, if the treatment of
piglets with different dietary zinc concentrations contributes to
changes of the methylation pattern of the ZIP4 gene that can
cause the observed alterations of the ZIP4 expression.
Material and methods
30 German Landrace piglets were fed diets with either
marginal (LZn, low zinc; 57 mg zinc/kg feed), balanced
(NZn, normal zinc; 164 mg zinc/kg feed) or very high (HZn,
high zinc; 2425 mg zinc/kg feed) levels of zinc (as zinc oxide)
at weaning (2671 days of age). After four weeks (73 days) of
zinc supplementation, 10 piglets per treatment group were
euthanised and jejunal gut epithelium samples were taken for
mRNA and genomic DNA extraction. For methylation studies,
whole genomic DNA was sodium bisulphite treated. After-
wards, one amplicon in the 50-regulatory region (Amp 1),
containing 10 methylation sites (CpGs), and another fragment
partial spanning the second exon and second intron (Amp 2),
covering 18 CpGs, were ampliﬁed and subsequently sequenced
to detect the speciﬁc methylation status of analysed CpGs.
Methylation was quantiﬁed on the basis of sequencing electro-
pherograms. Data were interpreted by variance analysis (F-
test) and pair-wise comparison (Bonferroni corrected T-test)
using SAS 9.3.1 (SAS Institute Inc., USA).
Results
Data conﬁrmed, that higher dietary zinc concentrations
were associated with lower ZIP4 expression (Po0.008)
(Table 1). Furthermore, the methylation status at CpG
Amp2_61Exon2 as well as CpG Amp2_358Intron2 was signiﬁ-
cantly affected by the zinc concentration in the feed
(Pr0.01) (Table 1) (Figure 1). The methylation at these
CpGs was decreased by 14% and 22% in the low compared to
the balanced zinc group, respectively.
The methylation status at CpG Amp2_117Exon2 showed a
signiﬁcant inﬂuence on the expression of the gene
(Po0.05), but was not inﬂuenced by the zinc concentration
in the feed. An increase of the methylation at this CpG by
10% led to a decrease of the relative transcript amount of
ZIP4 by 0.4 units (Figure 2). The correlation between the
methylation percentage and transcript amounts suggests a
regulation of transcription via differences in DNA methyla-
tion at physiological dietary zinc concentrations (low and
balanced concentrations), but not at pharmacological
dosages fed over two weeks.Conclusion
The expression of the ZIP4 gene is inﬂuenced by the zinc
concentration in the feed. The methylation analysis showed
that only a few CpGs were inﬂuenced by dietary zinc in the
examined gene regions. Only one CpG had a signiﬁcant
effect on ZIP4 expression. It can be concluded, that
methylation changes play a minor role for the transcrip-
tional replication of ZIP4.
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